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(54) FUEL-CELL POWER GENERATING SYSTEM 

(57) A portable power generating system can be 
operated by using a portable pressure canister contain- 
ing a liquefied butane fuel gas. In the power generating 
system, a part of the butane gas contained in the pres- 
sure canister is used as a fuel gas and reminder of the 
butane gas is used to prepare a reformed gas contain- 
ing hydrogen gas by reaction with water. The hydrogen 
gas in the reformed gas and oxygen gas in air are used 
in a fuel cell to generate electric power. The power gen- 



erating system is characterized In a compact portable 
one which further comprises a device for regulating the 
amount of the butane gas discharged from said pres- 
sure canister and a device for controlling a flow rate of 
the butane gas, installed in feed lines of supplying the 
butane gas from said pressure canister to said reform- 
ing device. 
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Description 
TECHNICAL FILED 

[0001 ] The present invention relates to a portable type 
fuel ceil power generating system and, more particu- 
larly, to a portable type fuel cell power generating sys- 
tem capable of utilizing a commercially available butane 
gas cassette or pressure canister. 

BACKGROUND ART 

[0002] A fuel cell is known as a power generation sys- 
tem having a high energy efficiency, which generates 
electric power through electrochemical reaction of 
mainly hydrogen and oxygen, or hydrogen-rich gas 
obtained by reforming natural gas or the like and air, 
which are introduced to a fuel electrode and an oxygen 
electrode, respectively. Therefore, there has been pro- 
posed a portable type power generating system utilizing 
the fuel cell have been proposed. 
[0003] Japanese Patent Kbkai Publication No. 5- 
190196 proposes a portable power source wherein 
hydrogen-oxygen fuel cell is operated by using hydro- 
gen absort}ed in a hydrogen storage alloy in a pressure 
canister. This portable power source has such problems 
as the hydrogen storage alloy container is too expensive 
to be widely used, and the container Is too heavy to be 
used in a portable power source. 
[0004] Japanese Patent Kbkai Publication No. 6- 
310166 also proposes a portable fuel cell power source 
comprising a fuel pressure canister filled with aqueous 
solution of methanol at a high pressure instead of 
hydrogen, a fuel reforming device which modifies the 
aqueous solution of methanol discharged from the fuel 
pressure canister into a gas conssting mainly of hydro- 
gen, a fuel cell which generates electricity by using the 
hydrogen-rich gas as the fuel, and a cabinet that houses 
these components. This power source has such a prob- 
lem that the fuel pressure container which contains the 
aqueous solution of methanol at a high pressure must 
have a high withstand pressure while such a pressure 
container is not suited to a portable apparatus and is not 
commercially available, resulting in an inconvenience 
for wide commercial applications. 
[0005] For these reasons, portable power generation 
systems commercialized at present are still based on a 
gasoline engine, although it is a problem that small 
gasoline engine power generation systems of output 
power within several hundreds of watts have energy effi- 
ciency as low as 10% or less. 

SUMMARY OF THE INVENTION 

[0006] Therefore, there has been required to provide 
a portable fuel cell using a fuel cell of high energy effi- 
ciency and a commercially available portable butene 
gas pressure canister as the fuel source. But many 



problems must be solved before such an apparatus is 
realized. 

(1) The temperature of a steam reforming process 

5 should be changed depending on kinds of gas to be 
steam-reformed in that the butane gas is preferably 
refbnned at a high temperature not lower than 
600''C, far higher than in the case of reforming 
methanol (220 to 270*^0). Although a method of 

10 reforming natural gases or hydrocart)on fuels may 
be applied, the method of reforming natural gas in a 
large plant cannot be applied as it is. so that it is 
particularly difficult to provide a small reforming 
device suitable for a portable apparatus. 

15 (2) The butane gas pressure canister is subject to 
the influence of the ambient temperature, so that it 
is difficult to supply a predetermined amount of the 
butane gas to the reforming device in accordance to 
the load or to supply a predetermined amount of 

20 reformed gas to the fuel cell, thereby to generate a 
required amount of electric power. 
(3) A solid polymer type fuel cell is more preferable 
than a phosphoric add type fuel cell for the portable 
fuel cell. However, the solid polymer type fuel cell 

25 requires a decreased CO concentration of several 
tens ppm. in the reformed gas. which mates it a 
problem to strictly control the refonming device, par- 
ticularly the CO oxidation section. 

30 POOT] Therefore, it is a main object of the present 
invention to solve the above problems and to provide a 
portable fuel cell power generating system which uses a 
widely used butane gas pressure canister and has high 
energy efficiency. 

35 [P008] The present invention has been completed on 
the basis of the invention "reforming device" filed sepa- 
rately (PCT/JP97/02 265; June 30. 1997). and prwides 
a portable fuel cell power generating system, compris- 
ing: 

40 

a portable butane gas pressure canister containing 
a liquefied butane gas as the fuel; 
a portable reforming device which generates a 
refbmned gas Including hydrogen gas by using a 
45 part of the butane gas supplied from the pressure 
canister as the fuel gas and causing a steam 
refonming reaction of the rest of the butane gas and 
water; 

a portable fuel cell which generates electric power 
so from the hydrogen gas Included in the reformed gas 
and an oxygen gas Included in the air; 
a means for controlling the amount of the butane 
gas evaporated from the butane gas pressure can- 
ister; and 

55 a butane gas flow control means Installed In a flow 
path of supplying the butane gas from the butane 
gas pressure canister to the reforming device. 
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[0009] According to the present invention, as shown in 
the system operation diagram of Fig. 9, the butane gas 
from the portat)le pressure canister and water vapor are 
processed in the reforming device where the reformed 
gas consisting mainly of hydrogen is generated through 5 
steam reforming reaction of the butane gas. then hydro- 
gen and oxygen are caused to react in the fuel cell to 
generate direct cunrent. which may be converted to 
attemating current by an inverter and supplied to a load. 
According to the present invention, high energy effi- w 
clency of not less than 20% can be achieved even with 
a small power generation system having output power 
of several hundreds of watts. The energy efficiency is 
about three times as large as that of a gasoline engine 
power generator. is 
[0010] In a prefenred embodiment of the present 
invention, a flow path from the butane gas pressure can- 
ister to the reforming device may comprise a passage 
fbr supplying the butane gas to be reformed and a pas- 
sage for supplying the butane gas as the fuel used in the 20 
refomrnng device, so that a part of the butane gas is 
used as the fuel to heat the rest of the butane gas for 
reforming, thereby achieving a high reforming tempera- 
ture. 

[001 1 ] In another preferred embodiment of the power 2s 
generation system according to the present invention, 
continuous operation is enabled by providing two or 
more butane gas pressure canisters so that the gas can 
be supplied without interruqpt when changing a pressure 
canister. so 
[001 2] The butane gas pressure canister is provided 
with a means for controiling the amount of the butane 
gas evaporated. The butane gas therefrom can be 
evaporated by decreasing the pressure and/or heating. 
When the butane gas pressure canister is to be heated, ss 
the pressure canister is heated either directly or indi- 
rectly, with tiie heating means being selected from tiie 
group consisting of an electric heater, a means utilizing 
waste heat from the fuel cell and a means utilizing 
waste heat from the reforming device. Thus, rt is made 40 
possible to control tiie pressure canister temperature 
and consequentiy tiie amount of the butane gas evapo- 
rated. 

[001 3] It is difficult to maintain the required amount of 
gas flow rate simply by controlling the amount of the 45 
butane gas evaporated. Therefore, it is preferable to 
provide the butane gas flow control means compr^ing a 
pressure regulator and a flow control valve. 
[0014] The butane gas supplied from the butane gas 
pressure canister includes sulfur which is likely to cause so 
degradation of a catalyst used in the reforming device 
and is therefore preferably removed. Thus, a desul- 
furizer is installed in the flow patii through which the 
butane gas to be reformed is supplied in the prefen'ed 
embodiment of the present invention. In order to ss 
increase the efficiency of desulfurization, it is preferable 
that the sulfur content be transformed to hydrogen 
sulfide which Is then adsoibed in the desulfurizer. 



Accordingly, the desulfurizer is provided witii a hydro- 
genation catalyst section for adding hydrogen to tiie 
butane gas to be reformed in the preferred embodiment 

of the present invention. 

[001 5] In ttie steam reforming reaction of tiie butane 
gas. a mixture of water vapor and butane gas is reacted 
at a tenrtperature of not less than 600*^0 by using a cat- 
alyst of nickel, ruthenium or the like. While a nickel- 
based catalyst causes deterioration under such a condi- 
tion that tiie value of S/C is not more tiian 2, rutiienium- 
based catalyst does not causes deterioration under tiie 
condition that S/C is not more tiian 2.. 

C4H10 + -^82 + CO2 + CX) + CH4 

[0016] The reforming reaction section is preferably 
operated at a temperature of not less than eoo^'C with 
ttie value of S/C being not less than 2.5. more preferably 
about 3. This is because tiie catalyst can be used under 
fonger period under this condition, alttiough ttie energy 
efficiency is sllghtiy lower than in the case that S/C Is 
not more than 2.5 (operating condition of a large plant 
where natural gas is reformed witii steam), (see Rg. 
10.) 

[0017] Then carbon monoxide and water vapor are 
reacted in a shift catalyst section comprising a copper- 
zinc catalyst at a temperature from about 220 to 280^C. 

CO + H20->C02 + H2 

It is usually aimed to make the carbon monoxide con- 
centration not higher tiian 1%. 
[0018] Carbon monoxide concentration is reduced by 
selective oxidation of cartx)n monoxide in a selective 
oxidation catalyst section comprising platinum or ruthe- 
nium catalyst. Target value of cariDon monoxide concen- 
tration is usually set to 50ppm or lower. While platinum 
catalyst requires it to control the reaction temperature 
very rigorously, ruthenium catalyst is capable of selec- 
tive oxidation of caiix)n monoxide in a relatively broad 
range of temperatures from about 120 to ISC'C and Is 
ttierefore more preferable. 

[0019] While tiie reforming device must be small 
enough to be portable, efficient steam reforming 
requires it to exactiy control ttie temperature and there- 
fore it is preferable that the reforming device comprises 
tiie reforming reaction section, shift reaction section and 
CO oxidation section which reformed separately and 
tiien integrated Into one unit. Various fonns of reforming 
device are described in detail in the separate applica- 
tion (refer to PTC/JP97/02265; June 30. 1997) 
[0020] RU/AI2O3 or Ru/ZrOa catalyst used in tiie 
reforming reaction section can be produced by immers- 
ing a carrier in rutiienium chloride solution, ther by to 
impregnate the carrier witii rutiienium chloride, which is 
dried and ttien reduced by using hydrazine or hydrogen 
gas as a reducing agent followed by rinsing with water 
and drying. These catalysts have higher performance of 
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catalyzing reforming reaction than Ni/ Ai^Oa catalyst 
(refer to Fig. 11). 

[0021] The CO oxidation section is preferably oper- 
ated with a stolchlometrical ratio (ratio of a theoretical 
amount of air for oxidation CO in a reformed gas to an s 
amount of air used) In a range from 3 to 10. for higher 
efficiency of CO oxidation (see Rg. 12). When the ratio 
Is lower than 3, oxygen is consumed in the oxidation of 
hydrogen and CO concentration cannot be decreased. 
The CO oxidation section is preferably provided with a 
RU/AI2O3 catalyst and operated at a temperature from 
120 to 180**C. because of easier control with broader 
range of oxidizing temperatures than platinum-based 
catalysts. 

[0022] It is preferable to recover the water content 
included in the reformed gas from the reforming device, 
the water content included In the refbmied gas dis- 
charged from the fuel cell and in the exhaust air and/or 
water content included in the combustion gas. and use 
the recovered water in refbrnning. In this case, it is desir- 
able to install a filter fbr filtering the recycled water, an 
Ion exchanger for purifying the water and a water tank to 
store the water. 

[0023] While an electric circuit Is provided for giving 
electric output of the fuel cell to the load via an inverter 
and a converter, in order to provide stable output with- 
out fluctuation independent of the load, it is desirable to 
install a secondary battery connected via a regulator in 
the eledric circuit. The secondary battery can be used 
as a starting power source and accommodates sharp 
variations in the load. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0024] 

Fig. 1 Is a schematic diagram showing the con- 
struction of the fuel cell power generating system 
acoording to the first embodiment of the present 
invention. 

Rg. 2 is a schematic view showing the construction 
of the fuel cell power generating system according 
to the second embodiment of the present invention. 
Rg. 3 is a schematic diagram showing the con- 
struction of the fuel cell power generating system 
according to the third embodiment of the present 
invention. 

Rg. 4 is a schematic diagram showing the con- 
struction of the fuel cell power generating system 
according to the fourth embodiment of the present 
invention. 

Rg. 5 is a schematic diagram showing the con- 
struction of the fuel cell power generating system 
• according to the fifth embodiment of the present 
invention. 

Rg. 6 is a schematic diagram showing the con- 
struction of the fuel cell power generating system 
according to the sixth embodiment of the present 



Invention. 

Rg. 7 Is a schematic diagram showing the con- 
struction of the fuel cell power generating system 
according to the seventh embodiment of the 
present invention. 

Rg. 8 is a schematic diagram showing the con- 
struction of the fuel cell power generating system 
according to another embodiment of the present 
invention. 

Rg. 9 is a diagram showing the operating principle 
of the power generation system of the present 
invention. 

Rg. 10 is a graph showing the change in reformed 
gas ratio with different values of S/C during reform- 
ing of the butane gas. 

Rg. 11 Is a graph showing the change In the 
amount of the reformed gas with different values of 
space velocity indicating the performance of ruthe- 
nium reforming catalyst. 

Rg. 12 is a graph showing the CO concentration 
after oxidation with different values of stoichiometri- 
cal ratio indicating the performance of CO oxida- 
tion. 

Rg. 13 Is a schematic diagram showing the layout 
of tiie power generation system according to tiie 
present Invention. 

Rg. 14 is a flow diagram showing ttie most pre- 
fen-ed embocfiment of the present Invention. 
Rg. 15 Is a schematic diagram showing two meth- 
ods A and B for heating the cassette pressure can- 
ister. 

Rg. 16 is a schematic diagram showing an alterna- 
tive metiiod for desulfurizing the butane gas to be 
reformed. 

BEST MODE FOR CARRYING OUT THE PRE- 
FERRED EMBODIMENTS 

[0025] The present invention will now be described in 
detail below. 

[0026] The first embodiment of the fuel cell power 
generating system vwli be described below vwth refer- 
ence to tiie accompanying drawings. Rg. 1 is a sche- 
matic diagram showing the construction of the fuel cell 
power generating system according to the first embodi- 
ment of the present invention. The fuel cell power gen- 
erating system comprises a fuel supplying device 1 1 for 
supplying the butane gas to a fuel cell 12 and the fuel 
cell 12 which generates electric power, both housed in a 
casing 20 as shown in Fig. 1 . 
[0027] According to the present Invention, the butane 
gas is used as the raw fuel and a portable butane gas 
pressure canister 1 filled with butane is installed in ttie 
fuel supplying device 1 1 as tiie butane gas source. The 
butane gas pressure canister 1 is a small one which Is 
easier to handle compared to those of hydrogen gas 
and the like, Fbr tiie butane gas pressure canister 1 , for 
example, tiie disposable fuel container fbr the portable 



IS 



20 



25 



30 



35 



40 



45 



SO 



4 



ciMcnnnin- (HSSSIZAi I > 



7 



EP 0 959 512 A1 



8 



gas cooking stove specified in JIS-S-2148 may be used. 
The fuel supplying device 11 is further provided with a 
pressure canister receiver 2 where the butane gas pres- 
sure canister 1 is attached, and an evaporator 3 which 
evaporates butane introduced from the butane gas s 
pressure canister 1 by decreasing the pressure thereof. 
Means for controlling the amount of evaporated butane 
either individually or in cooperation with the evaporator 
3 may be provided in the fuel si^plying device, details 
thereof will be desaibed later with reference to Rg. 14 to 
and Rg. 15. The evaporator 3 gasifies butane and sup- 
plies it to a reforming device 4 that follows* although no 
limitation is given to the type of the evaporator, while the 
evaporator 3 is not necessary in case the butane gas 
pressure canister specified in JiS-S-2148 is mounted in 75 
a horizontal position, as will be described later. 
[0028] The pressure canister receiver 2 allows it to 
attach and detach the butane gas pressure canister 1 
easily. Thus the butane gas pressure canister 1 can be 
changed any number of times when it is emptied. 20 
thereby to continue the supply of a required amount of 
the butane gas. Installed between the evaporator 3 and 
the fuel cell 12 is a butane gas ftow regulating means. 
The fuel cell 12 has the reforming device 4. a CO elimi- 
nator 5 which decreases the CO content of the gas gen- 25 
erated in the reforming device 4 and a fuel cell 6. The 
reforming device 4 generates a hydrogen-rich reformed 
gas by causing the butane gas and water turned into 
steam to undergo steam reforming reaction by using a 
reforming catalyst The reforming catalyst includes 30 
those prepared from a carrier which carries a metal. 
The metal to be carried includes ruthenium, rhodium, 
nickel or the like. A reforming catalyst prepared from a 
cannier which carries at least one metal of ruthenium or 
rhodium, has higher catalyzing activity than a reforming 35 
catalyst prepared from a carrier which cames a metal to 
be canried, such as nickel, thereby making it possible to 
make smaller reforming device 4. and is therefore pre- 
ferred. The reforming device 4 employing the reforming 
catalyst loaded with ruthenium or rhodium is also capa- 40 
ble of maintaining the fonction of the reforming catalyst 
over a longer period of time despite smaller size, and Is 
therefore desirable. As the carrier for carrying the metal 
to be earned, for example, zirconia and alumina are suit- 
able, but silica gel, active alumina, titania, cordierite, 45 
zeolite, active carbon or the like may also be used. The 
refonned gas gen^ated by the reforming device 4 
includes, in addition to hydrogen, a trace of carbon diox- 
ide, methane gas and carbon monoxide (CO). 
[0029] The CO eliminator 5 is connected to the so 
reforming device 4. The CO eliminator 5 decreases the 
concentration of carbon monoxide in the reformed gas. 
In this system, because cartx)n monoxide acts as a cat- 
alyst poison on a platinum catalyst widely used as an 
electrode of the fuel cell 6. caitx)n monoxide must be ss 
decreased. The CO eliminator 5 may be of such a con- 
struction as a CO shifter which decreases cart>on mon- 
Qxkfe by using a catalyst and a CO oxidizer which 



oxidizes carbon monoxide are combined, or such a con- 
stmction as the CO shifter and a methanation device 
which converts carbon monoxide to methane are com- 
bined. The catalyst used in the CO shifter ney use iron, 
chromium, copper, zinc or the like as the metal to be 
carried and alurrana as the canrier. The CO oxkJation 
eliminator preferably operates in such as process as the 
reformed gas of which cart)on monoxide content has 
been decreased in the CO shifter is mixed with oxygen 
or air, and is reacted with a catalyst prepared from an 
alumina cam'er which carries platinum, ruthenium or the 
like as the metal to be carries, thereby further decreas- 
ing the concentration of carbon monoxide. The metha- 
nation device decreases the concentration of cartx)n 
monoxide by causing cartx)n monoxkle and hydrogen in 
the refomned gas from the CO shifter to react with a cat- 
alyst prepared from an alumina can-ier which cames 
nickel, palladium or rhodium as the metal to be canries, 
thus converting to methane. 
[0030] The reformed gas passing through the CO 
eliminator 5 is supplied to the fuel cell 6. Hydrogen 
included in the reformed gas is introduced to a fuel elec- 
trode (negative electrode) of the fuel cell 6 and oxygen 
in the air Is introduced to an oxygen electrode (positive 
electrode), so that electric power is generated through 
electrochemical reaction between the fuel electrode 
(negative electrode) and the oxygen electrode (positive 
electrode). The fuel cell 6 may be a phosphoric add fuel 
cell, solid polymer fuel cell or the like, while the solkt pol- 
ymer fuel cell, which has a fuel electrode where hydro- 
gen in the reformed gas is introduced through a polymer 
membrane and an oxygen electrode where oxygen is 
introduced, is capable of operating at a temperature as 
low as 70 to SO'^C or fower, thus being subject to less 
limitation on the place of installation, and Is therefore 
suitable for portable fuel cell. 
[0031 ] Electric power generated by the fuel cell 6 can 
be output in the form of direct current. The fuel cell 
power generating system described above is provided 
with an inverter 21 and carries out stable conversion 
from direct cunent to direct current or from direct current 
to alternating current, thus providing the direct current 
output in a desired form suitable for the application. The 
inverter 21 makes it possible to provide 100 Vac output 
similariy to the commercial ac power, or provide 12 Vdc 
output The fuel cell power generating system uses the 
portable butane gas pressure canister 1 which is easy 
to handle for the supply of fuel, and the pressure canis- 
ter is attached to the pressure canister receiver 2 ena- 
bling it to supply a required amount of the butane gas. 
and therefore the casing which houses the system can 
be made compact and light in weight and can be carried 
easily Also because the CO eliminator 5 is provided, 
high electric generation efficiency can be maintained. 
[0032] The second embodiment of the present inven- 
tion is shown in Rg. 2. In order to make it possible for 
one person to carry the fuel supplying device 1 1 and the 
fuel cell 12, a casing 20 housing these conponents is 
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provided with a handle 22, wheels 23 and a belt. These 
provisions, together with the compact size of the fuel 
cell power generating system, make It easy to carry the 
fuel cell power generating system. 
[0033] Because the fuel cell power generating system s 
requires electric power to start the operation, it is desir- 
able to incorporate a battery (not shown) of such a 
capacity that enables the system to self-startup, in order 
to use the system outdoors. 

[0034] The third embodiment of the present invention io 
is shown in Fig. 3. Fig. 3 is a schematic diagram show- 
ing the construction of the fuel cell power generating 
system according to the third embodiment of the 
present invention. Description that follows deals only 
with the difference of the third embodiment from the fuel is 
cell power generating system described above. The fuel 
ceil power generating system desaibed above is pro- 
vided with the pressure canister receiver 2 where two 
portable butane gas pressure canisters 1.1 can be 
mounted. When operating with only one butane gas 20 
pressure canister 1, the pressure canister must be 
changed when emptied during which supply of the 
butane gas is intenrupted, resulting in an interrupt in the 
power generation. By providing two butane gas pres- 
sure canisters 1,1. it is made possible when changing 2S 
one butane gas pressure canister 1 to supply the 
butane gas from the other butane gas pressure canister 
1, thus generating electric power witiiout interrupt It is 
preferable that exhaustion of gas in the butane gas 
pressure canister 1 be warned by means of a buzzer, a 30 
lamp, or the like. Number of the butane gas pressure 
canisters 1 provided in the fuel cell power generating 
system is not limited to tiiat of ttie embodiment 
described above, as fer as it is not less than 2. 
[0035] The fourth embodiment of the present inven- 35 
tion is shown in Fig. 4. The fuel cell power generating 
system has a fuel tank 9 which, during normal opera- 
tion, temporarily stores the butane gas supplied from 
the butane gas pressure canister 1 mounted on the 
pressure canister receiver 2. As a greater amount of the 40 
butane gas is required to start the power generation in 
the fuel cell, the butane gas which was stored in the fuel 
tank 9 during tiie prior operation Is used in the startup. 
Because the butane gas is supplied from other than the 
butane gas pressure canister 1 during startup, the oper- 45 
ation can be started smoothly. Also even when only one 
butane gas pressure canister is mounted on the pres- 
sure canister receiver 2. the butane gas can be supplied 
from the fuel tank 9 in the case of changing the butane 
gas pressure canister 1, and therefore power genera- so 
tion can be continued without interrupt. 
[0036] The fuel tank 9 may be either of such a con- 
struction as the entire content of the butane gas pres- 
sure canister 1 is stored in the fuel tank 9 as shown in 
Fig. 4, or of such a construction as the fuel tank 9 Is con- ss 
nected to a branch line of a pipe connecting the pres- 
sure canister receiver 2 and the evaporator 3. so tiiat 
only a required amount of the butane gas is stored in the 



fuel tank 9 by switching a cock 26 thus supplying a nec- 
essary amount of gas. as in the f iftii embodiment shown 
in Rg. 5. As described above, the fuel cell power gener- 
ating system has a function to control the amount of gas 
supplied to tiie fuel cell 12 by using ttie butane gas 
stored in the fuel tank 9. and is therefore capable of 
operating over a long period of time without Interrupting 
tiie power generation despite the portable construction. 
[0037] The six embodiment of the present invention is 
shown in Rg. 6. The fuel cell power generating system 
has such a construction as the fuel supplying device 1 1 
and the fuel cell 12 can be separated. A joint 8 is pro- 
vided on a piping 7 which connects the fuel supplying 
device 1 1 and tiie fuel cell 12. Disconnecting tiie joint 8 
separates the fuel supplying device 1 1 and the fuel cell 
12, and connecting the joint 8 completes tiie piping 7 in 
continuity to allow tiie butane gas to flow. Because tiie 
separate consti-uction makes it possible to make the fuel 
supplying 11 and the fuel cell 12 relatively small in size 
and light in weight, it is made easier to cany TTils con- 
struction Is particularly preferable In case a plurality of 
the butane gas pressure canisters 1 are provided or the 
fuel tank 9 is provided. Further, as the temperature of a 
part off the reforming device 4 may increase as high as 
500*'C, it may be thermally isolated from the t>utane gas 
pressure canister 1 or the fuel tank 9, or may be utilized 
as a heat source as described later. 
[0038] The seventii embodiment of the present inven- 
tion Is shown in Fig. 7. Rg. 7 is a schematic diagram 
showing tiie construction of the fuel cell power generat- 
ing system according to the seventh embodiment of the 
present invention. The fuel cell power generating sys- 
tem has a flew patti, tiiat passes a hydrogen reservoir 
10 which stores hydrogen in a minimum volume possi- 
ble, installed between the CO eliminator 5 and the fuel 
cell 6. The hydrogen reservoir 10 may be, for example, 
a hydrogen storage alloy tank or a hydrogen pressure 
canister. With hydrogen stored in tiie hydrogen reservoir 
10 in advance by means of an auxiliary drive such as a 
pump, hydrogen stored in the hydrogen resen^ir 10 
Immediately after starting the fuel cell power generating 
system is supplied to the reformed gas which has 
passed tiie CO eliminator 5. and tiierefore generation of 
electric power can be started immediately. Further, 
because the load on the reforming device 4 is reduced, 
operation of the reforming device 4 can be stabilized. 
During tiie operation, tiie reformed gas which has 
passed tiie CO eliminator 5 is immediately introduced 
Into tiie fuel cell 6. Hydrogen included in the reformed 
gas may also be stored during operation, and used at 
tiie start of tiie next operation. 
[0039] In the fuel cell power generating system of tiie 
present invention, alttiough no particular device and 
method for supplying water for reaction with the butane 
gas are specified, for example, a water reservoir tank 24 
and a f ifter 25 for filtering water introduced from tiie tank 
24 may be installed in the casing 20, as shown in Rg. 8. 
The filter 25 may be an ion exchanger, hollow paper fil- 
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ter or active carbon. 

[0040] Fig. 13 is a schematic diagram showing the 
outline of the portable power generating system accord- 
ing to the presait invention, and Fig. 1 4 is a system f tow 
diagram thereof. In the drawing, numeral 101 denotes a s 
portable butane gas pressure canister specified in JIS- 
S-2148. for example, two units thereof are mounted 
detachably in horizontal position on the fuel cell 100. 
and are temperature-controlled in a range from 20 to 
40°C by means of cooling air. introduced by a fan 102 w 
installed on a side wall, which has passed through the 
fuel ceil and removed the waste heat of the fuel cell. 
Methods shown in Rg. ISA. B may be employed for uti- 
lizing waste heat of the reforming device 110. Fig. ISA 
shows such a construction as exhaust gas from the is 
refomning device 1 10 is sent to a gas pressure canister 
101 through a duct D and a flow control plate C is 
ir^alled for temperature control. Fig. 1 SB shows such a 
construction as a heat absorber R is installed on a side 
wall of the reforming device 1 1 0 and heat is transferred 20 
through a heat pipe P to a heat sink H which heats the 
gas pressure canister 101. 

[0041 ] As shown in Fig. 1 4. the butane gas discharged 
from the pressure canister 101 is sent to the refomning 
device 1 10 via a pressure regulator 103 and a flow con- ss 
trol valve 104. The butane gas is normally divided into 
the butane gas for combustion and refomiing the butane 
gas and sipplied to the reforming device 110. The 
butane gas for combustion passes through a feed line 
Lp and is fed together with combustion air to a oombus- 30 
tion chamber 111 of the reforming device 110 to be 
burned by a burner or catalyst therein. Reforming the 
butane gas passes through a feed line and is sent to 
the reforming device 110 via a desulfurizer 105 (made 
of ZnO or Cu/Zn alloy). A hydrogenation catalyst section 3S 
118 (made of Ni-Mo or Co-Mo alloy) may also be 
installed in the flow path of the reformed butane gas. 
thereby to introduce a part of the reformed gas from the 
shift catalyst section 11 OB. as shown In Fig. 16. In this 
embodiment, the butane gas is pressurized by a pres- 40 
surizing pump 1 16 and. after the flow rate is controlled 
by a flow control valve 117, introduced into the flow path 
of the reformed butane gas. Hydrogen included in the 
reformed gas and sulfur in the butane gas react to form 
hydrogen sulfide in the hydrogenation catalyst section 45 
118 and is adsorbed in the desulfurizer 105. The 
reforming device 110 receives water supplied thereto 
via a feed line for the purpose of steam reforming. 
Because water is mixed with the butane gas in the form 
of steam, water passes on the side wall of the reforming so 
device 110 to be heated thereby before being supplied 
to the reforming device 110. 
[0042] The reforming device 1 1 0 comprises a reform- 
ing catalyst section 11 OA where refbnning reaction 
takes place, a shift catalyst section 11 OB where shift ss 
reaction takes place and a selective oxidation catalyst 
section HOC where CO is oxidized, each constituting a 
reaction chamber of which temperature can be control- 



led independently. The reforming catalyst section 1 10A 
is directly heated by the combustion chamber 111. The 
shift catalyst section HOB is located above the reform- 
ing catalyst section 11 OA and is heated indirectly by 
heat transfen'ed from below. The selective oxidation cat- 
alyst section 1 1OC is formed to surround the shift cata- 
lyst section HOB and is heated indirectiy by exhaust 
combustion gas from the sh'tft catalyst section 1 10B. 
[0043] The reformed gas from tiie reforming device 
1 10 includes water vapor. Water vapor Is condensed In 
a oondenser 107 and is recovered in a trap 108, while 
the reformed gas is sent to tine fuel cell 100. Recovered 
water is sent to a water tank IIS by a liquid transfer 
pump 112 for recycling, and is processed by the filter 
1 13 and the ion exchange resin 1 14 to be used repeat- 
edly over a long period of time. 
[0044] The fuel cell 100 is supplied witii air by an air 
pump 106, to generate elecfric power by using hydro- 
gen in the reformed gas and oxygen in tiie air. The 
reformed gas which is discharged after being used in 
the fuel cell 100 includes hydrogen remaining therein, 
which is burned by using air which is also discharged 
after use in the fuel cell 100. 
[0045] The reformed gas and air which have been dis- 
charged from tiie fuel cell after use are burned in tiie 
combustion chamber 109. with water content recovered 
in a trap 1 08' after passing a condenser 107. processed 
by ttie filter 113 and the ion exchange resin 1 14 and is 
sent to tiie water tank 1 15. as In the case of the water 
content desaibed previously. 
[0046] As the etedric power output from tiie fuel cell 
fluctuates depending on the load, an inverter/converter 
1 21 Is used to obtain constant direct current or alternat- 
ing cun-ent output, while a secondary battery 120 is 
installed in this electric circuit via a regulator 119. This 
construction makes it possible to start an auxiliary 
machine 123 by supplying electric power thereto from 
the secondary battery 120 when power is not supplied 
from the fuel cell 1 00 at tiie time of startup. During oper- 
ation, part of electric power generated by the fuel cell 
100 may be stored in the secondary battery 120. in 
order to stabilize the power supply to the load by supply- 
ing power from the secondary battery 120 when an 
abrupt toad variation resulted in shortage of power sup- 
ply from tiie fuel ceil 100. 

[0047] When the fuel cell power generating system is 
provided witii two or more butane gas pressure canis- 
ters, such a case may arise tiiat tiie same amounts of 
the butane gas are discharged from all pressure canis- 
ters to the reforming device 110 and the pressure canis- 
ters are emptied at the same time. To prevent this from 
taking place, a flow path regulator is installed in tiie 
butane gas flow lines from tiie pressure canisters, 
tiiereby to differentiate the flow rates of tfie butane gas 
from the pressure canisters and change the consump- 
tion of the butane gas in tiie pressure canisters, This 
consti-uction makes it possible to always keep stock of 
tiie butane gas in eittier of tiie pressure canisters. 
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ther^y ensuring continuous operation of the fuel cell. 
Claims 

1 . A portable power generating system conprising: s 



2. The power generating system according to claim 1 . 25 
wherein a feed line for supplying butane gas to be 
reformed and a feed line for supplying said reform- 
ing device with the butane gas as fuel are provided 

in said flow path between said pressure canister 
and said reforming device. 30 

3. The power generating system according to claim 1 , 
wherein two or more butane gas pressure canisters 
are provided for continuous operation, with said 
pressure canisters being switched and connected 35 
with the respective gas feed line in tum. 

4. The power generating system according to claim 1 , 
wherein said device for controlling the amount of 
the butane gas discharged from said butane gas 4o 
pressure canister comprises a heating means 
selected from the group consisting of an electric 
heater, a heater operable by waste heat from said 
fuel cell and a heater operable by waste heat from 
said reforming device. 45 

5. The power generating system according to claim 1 , 
wherein said device for controlling the butane gas 
flow comprises a pressure regulator and a flow con- 
trol valve. so 

6. The power generating system according to claim 1 
wherein a desulfurizer is provided in the feed line of 
supplying the butane gas to be reformed. 

55 

7. The power generating system according to claim 6, 
wherein said desulfurizer has a hydrogenation cat- 
alyst section where hydrogen is added to the 



butane gas to be reformed. 

8. The power generating system according to claim 1 , 
wherein said reforming device is a compact and 
integrated one which comprises a reforming reac- 
tion section, a shift reaction section and a CX) oxi- 
dation section which are independent from each 
other. 

9. The power generating system accading to claim 8, 
wherein the reforming reaction section is operated 
under conditions of a temperature of not less than 
600°C and a S/C value of not less than 2.5. 

10. The power generating system according to claim 8. 
wherein the reforming reaction section contains a 
RU/AI2O3 catalyst 

11. The power generating system according to claim 8, 
wherein said CO oxidation section is operated witii 
a stoichiometrical ratio (ratio of a theoretical 
amount of air for oxidizing CO in a reformed gas to 
an amount of air used) in a range from 3 to 10. 

12. The power generating system according to claim 8. 
wherein said CO oxidation section contains a 
RU/AI2O3 catalyst and is operated at a temperature 
from 120to180*»C. 

13. The power generating system according to claim 1, 
which furtiier comprises a recycling system 
wherein waters in the reformed gas from said 
refbnning device, in the waste gas discharged from 
said fuel cell and in the exhaust air and/or in tiie 
combustion gas are collected and used as relbmri- 
ing water. 

14. The power generating system according to daim 
13, which further comprises a filter for filtering the 
recycled water, an ion exchanger for purifying the 
recycled water and a water tank for storing the recy- 
cled water. 

15. The power generating system according to claim 1, 
which conprises an electric circuit for outputting an 
electric power of the fuel cell via an inverter and a 
converter witiiout fluctuation due to the toad. 

16. The power generating system according to claim 1. 
which further comprises a secondary battery to be 
connected to said electric drcuit via a regulator. 

17. The power generating system accading to daim 1 . 
wherein said fuel cell is of solid polymer type having 
a fuel electrode to which hydrogen in the reformed 
gas is introduced tiirough a solid polymer mem- 
brane and an oxygen electrode to which oxygen in 
tiie air is introduced. 



a portable pressure canister containing a 
butane fuel gas; 

a reforming device for preparing reformed gas 
containing hydrogen gas by using a part of the 10 
butane gas contained in said pressure canister 
as a fuel gas and reminder of the butane gas to 
be reacted witti water; 

a fuel ceil for generating an electric power by 
using the hydrogen gas in the reformed gas is 
and oxygen gas in air; 

a device for regulating tiie amount of the 
butane gas discharged from said pressure can- 
ister; and 

a device for controlling a flow rate of the butane 20 
gas. installed in feed lines of supplying the 
butane gas from said pressure canister to said 
reforming device. 
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Fig.5 
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Fig.8 
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Fig.10 
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Fig. 11 
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Fig. 12 
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Fig. J 3 
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Fig.15A 
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Fig.16 
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